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THE ELECTROCHEMISTRY OF ORGANOPHOSPHORUS COMPOUNDS

The goal of this project was to study the electrochemical
behavior of organophosphorus compounds with a particular interest in
exploring and developing the synthetic potential of this technique.
The first phase of the project focused upon the reduction of
phosphonium salts. Previous reports in the literature indicated that

the reduction of phosphonium salts in aqueous media led to phosphines:

R R
| . - _ H,0 l

R’ -P-R’’ X +e =-f---- > R'-P + R''H
| |
RIII RIII

We attempted the synthesis of the important chelating ligands,

RZPCHZCHZPRZ’ by the method shown below but found that ethelene was

preferentially extruded resulting in the formation of tertiary

monophosphines.

+ + -
Ry"P-CH,~CH, -PRj + e —-===f--u- > R4P  + CH,=CH,

A study of the mechanism of the phosphonium salt reduction was
initiated and since the aquéous solvent was electrochemically active

at potentials positive of the phosphonium salt reduction, a study in

e eeeeef
nonaqueouse potentials was initiated. An unexpected result of this For_

I
study was that the products were changed and that ylide formation in

1
virtually quantitative yield was observed. Details of these results.on...._J

————

have been given in previous reports and were presented at the

- et
, \ \ on/
Southeastern Regional ACS Meeting in Charlotte, N. C. in Nowv, 1983 ttQT;g*
(abstract attached). These results and additional mechanistic and/or
List bpecial
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'fs insights were also reported at the 189th ACS Meeting in Miami Beach,
:f: Florida in April of 1985 (abstract attached).

iiﬁ The second phase of this project was to investigate the reductive
‘EE electrochemical cleavage of labile phosphorus halogen bonds in

;JS compounds of the type R2P-X and R2P(O)—X where X is F, Cl, Br, and

f:ﬁ O-Ph. These reductions were found to result in the formation of the
EE dimeric products, R2P—PR2 and RZP(O)—P(O)R2 respectively. Mechanistic
:f\ studies by cycliy voltammetry, controlled potential coulometry and

Ej: product analysis have been interpreted to indicate that formation of
;ES the product proceeded via an anionic intermediate. These results have
ﬂfz been reported at the 189th ACS Meeting in Miami Beach, FL in April of
;:E 1985 (trivalent compounds, abstract attached) and at the 192 ACS

.5; Meeting in Anaheim, CA in September of 1986 (pentavalent compounds,
{i' abstract attached) and a report of the trivalent compounds study has

! é appeared in the Journal of Organic Chemistry, 1986, 51, 4185.

,Eg (Technical Report 1).

LA

The above research comprised the Ph.D. dissertation of T. J. Hall

‘ﬂ)‘*

RS who received his degree in June of 1986. (Dissertation Abstract

__4’_ :

A attached) .
o Phase three of the project involved an investigation of the

)
:i” electrocatalytic oxidation by dioxygen of tertiary phosphorus componds
N
'ﬁﬁ of the series R3_nP(O-R)n where n was equal to 0, 1, 2, and 3. We
nth
4, found that the electode initiated a presumably free radical process
®.

ﬂl with a chain length critically dependant upon the value of n. This
i"yf

;Qj research formed the basis of the M. S. thesis or Mr. Hun-Lin Ho who
o

_i received his degree in December of 1987 ( M. S. Thesis Abstract

| X
o attached) .
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Progress has also been made in investigating the electrochemical
reduction of compounds of the type R—PX2 in nonaqueous solvents. We
have shown that the products of this reduction are the cyclic
oligimers of the form (R—P)n where n is equal to 3, 4, and 5. Two
possible mechanisms for the formation of the products include the
intermediacy of the phosphorus analog of carbenes, R-P, and the P-P
doubly bonded "phosphenes” R-P=P-R. Experiments designed to
differentiate these pathways and explcore the mechanism of these

reactions are being conducted by Mr. John Griggs who should receive

his Ph.D. during 1988.
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._; ELECTROCHEMICAL REDUCTION OF ORGANOPHOSPHORUS COMPQUNDS: PRODUCTS AND MECHANISM
-
v OF PHOSPHONIUM SALTS CAPABLE OF YLIDE FORMATION

N
-
_:
f'{ T.J. Hall and J.H. Hargis™®

\
{

3 Contribution from the Department of Chemistry, Auburn University, Auburm

l"

. University, Alabama 36849
.

:{ The electrochemical reduction of phosphonium salts with a hydrogen on a

:: carbon < to the phosphorus has been investigated using cyclic voltammetry,

N

; controlled-potential coulometry, and product analysis. Using dry acetonitrile

- and N,N-dimethyl formamide as solvents, the reduction appears to proceed by a one
f: electron transfer forming the ylide with concurrent adsorption of hydrogen on the
( . electrode surface. Mechanistic views are further developed with the addition of
% water resulting in the formation of triphenylphosphine, triphenylphosphine oxide,
b and the corresponding hydrocarbon.
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The electrochemical cleavage of phosphorus-halogen bonds in
chlorodiphenylphosphine and bromodiphenylphosphine in dry acetoritrile solution

has been accomplished with the formation of tetra-phenylbiphosphine as the exclusive
product. A mechanism which involves the intermediacy of diphenylphosphianyl anions

18 suggested based on cyclic voltammetry
studies. Attempts to utilize these intermediates in the synthesis

phosphines will be discussed.

and controlled potential coulometry
of tertiary
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ELECTROCHEMICAL REDUCTION COF PEMTAVALENT ORGANOFHOSFHORUS

COMPOLINDS: MECHANISMS OF anD PRODUCTS FROM PHOSFHORUS-HETERDATOM
BOMD CLEAVAGE

.‘
e T. J. Haxll and J. H. Hargis
]
i: Corntribution from the Department of Chemistry, Auburn
"

University, Alabama 28247

i

"

Abstract: The electrochemical cleavage of phosphorus—halogen or
phozphorusz—-oxyogen bonds in compounds of the type PhEP(O)A where
X=F, C1, Br, and OPh, hac been ctudied in acetonitrile
csolutian., @n examination of cyclic voltammetry data and
controlled potential coulcmetry studiec allows the postulation
of anianic intermediates leading to the formation of the
products of the reaction. The excluzive ctable product is
tetrxphenyldiphoephinedioxide, but evidence will be dizcuzsed

concerning evidence for a quaszi-stable mixed anhydride
intermediate,

AR WA

I kAhk




WMEEFWRwRWEW

a
>
-

- Se %
A

-

-

s e ,‘:

. LA A
LY PRCN

‘s

DISSERTATION ABSTRACT
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ELECTROCHEMICAL REDUCTION OF ORGANOPHOSPHORUS

S0y

T

COMPOUNDS: PRODUCTS AND MECHANISMS OF

a5 5w
(,l'
"’.l.-‘

PHOSPHONIUM, TRIVALENT, AND

Tl
2

1y

PENTAVALENT COMPOUNDS

(]
.
.

'}ﬁ Timothy Jack Hall

o Doctor of Philosophy, June 6, 1986
o (BR.S., University of Montevallo, 1982)
N

125 Typed Pages

Directed by J. Howard Hargis

The mechanisms of the electrochemical reduction of
phosphonium, trivalent, and pentavalent organophosphorus
comnounds in non-aqueous systems have been proposed based on
the results of cyclic voltammetry, controlled potential
coulometry, and trgpoing experiments.

The mechanism of the electrochemical reduction of
quaternary phosphonium salts was found to be dependent upon
whether or not the carbon a to the phosphorus has a hydrogen
atom. The salts with such a hydrocien were found to form the
corresponding phosphonium ylide upon reduction in the dry
solvents. 0On the other hand, salts such as

tetraphenvlphosphonium bromide find ylide formation

impossible and electrolytically cleaved to the tertiary

phosphine and the corresponding hydrocarbon. Particular
<
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reference was given to the pnhosphonium salts capable of
vlide formation. The electrochemical reduction of benzyl-,
n-propyl-, ethyl-, and methyltriphenylphosphonium ions in
the dry sovents was shown to proceed by a one electron
reduction to qgive the exclusive ylide product. Furthermore,
carbonvl compounds were added to the electrolyses to react
with the electrochemically-generated ylides via the Wittin
reaction. The resulting olefins were found to catalytically
isomerize from the Z isomer to the E isomer upon reduction.
The role of water in the reduction process of these

phosphonium salts was investigated by adding ND.O to the

2
previously dry sovents. In the case of

benzyltriphenylphosphonium bromide, the presence of the tri-
and di-deuterated species of toluene illustrated the
basicity of the initially formed ylide.

FElectrnlyses of the trivalent and pentavalent
oraganophosphorus compounds of the type PhZPX and Ph2P(O)X (X
= Br, Cl, F, OPh) in dry acetonitrile were accomplished with
the formation of the respective dimer as the exclusive
product. Cyclic voltammetric studies featurinag the
relationship bhetween the concentration and peak current of
both compounds indicated the intermediacy of the
corresponding anion. The biphosphine products were proposed
to result from nucleophilic attack of the intermediate

anions nn the starting material.
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THESIS ABSTRACT
A STUDY OF THE ELECTROCATALYZED OXIDATION
OF TRIVALENT PHOSPHORUS COMPOUNDS

WITH DIOXYGEN

Hun Lin Ho
Master of Chemistry, December 12, 1987
(B.S., Tamkang University, 1978)
66 Typed Pages

Directed by J. Howard Hargis

Electrolyses of the trivalent organophosphorus

compounds of the type Ph P(PhO)X (x=0,2,3) in dry

3-x
acetonitrile saturated with oxygen resulted in the
formation of corresponding oxide compound. Two types of
mechanisms have beén proposed based on the results of
cyclic voltammetry, controlled potential coulometry and
trapping experiments. The results of electrolysis of
triphenylphosphine produces 9 molecules of
triphenylphosphine oxide per electron transferred. This
suggests a chain mechanism operative in these reactions.

In the first mechanism proposed, a electrochemically

formed phosphinium cation radical reacts with a second

>

ARSI
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N
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) molecule of trivalent compound to form dimer cation
o

," radical which undergoes dioxycen addition, subsequent

:ﬁ addition of a second dimer cation radical and ©-0O bond

:} cleavage to form correspounding oxide compound and

-.\'

;‘ initial phosphinium cation radical which continues the

;3 chain process. In the second mechanism proposed, initial
,3; formation of phosphinium cation radical then undergoes
="
}' dicxygen addition with a subsequent addition of a second
A

o molecule of starting material, 0-0 bond cleavage, and

e

- electron transfer from starting material to the oxidized
..:_\

; cation radical product.
:ﬁ: These electrolysis results also show that the order
v of reactivity is PhsP > (PhO),PhP > (PhO),P. The order of
’ oxidation potentials of trivalent organophosphorus

- compounds is (PhO) ;P > (PhO),PhP > (PhO)Ph, P > Ph.P. 5
;; Interestingly, the order of oxidation potentials of %
- i
e pentavalent compounds is PhjPO > (PhO),PhPO > (PhO) ;PO |
o which is just reversed from the trend observed in the

ﬁ: trivalent organophosphorus compound.
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